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We studied the crystal and magnetic structure of Ca2RuC>4 by different diffraction techniques 
under high pressure. The observed first order phase transition at moderate pressure (0.5 GPa) 
between the insulating phase and the metallic high pressure phase is characterized by a broad region 
of phase coexistence. The following structural changes are observed as function of pressure: a) a 
discontinuous change of both the tilt and rotation angle of the RuOe-Octahedra at this transition, b) 
a gradual decrease of the tilt angle in the high pressure phase (p>0.5 GPa) and c) the disappearance 
of the tilt above 5.5GPa leading to a higher symmetry structure. By single crystal neutron diffraction 
at low temperature, the ferromagnetic component of the high pressure phase and a rearrangement 
of antiferromagnetic order in the low pressure phase was observed. 



I. INTRODUCTION. 

Among the single-layered ruthenates, different topics 
have attracted research work during the recent years. 
A wide variety of physical phenomena occur in these 
compounds that provide an interesting opportunity for 
the study of competing ground states and the interplay 
betweeen structural, magnetic and transport properties. 
Starting from the well-known unconventional supercon- 
ductor Sr 2 RuC>4, which possesses the layered perovskite 
K2N1F4 structure, it is only an isovalent substitution of 
Ca 2+ by Sr 2+ that leads to a variety of electronic and 
magnetic phases^^and finally to Ca2RuC>4 - a Mott in- 
sulator with antiferromagnetic order (Tn=112 K) at low 
temperature^ 4 *^. 

One of the interesting phenomena that Ca2Ru04 dis- 
plays is a Mott transition to a metallic phase that oc- 
curs at T=357 K upon heating under ambient condi- 
tions. The insulating Mott phase in Ca2Ru04 can also 
be suppressed by a moderate pressure 7 -. At room temper- 
ature, Ca2Ru04 becomes metallic at about 0.5 GPa. For 
slightly higher pressure it stays metallic down to low- 
est temperatures and exhibits ferromagnetic order be- 
low T~10 K. The Mott transition in both cases - i.e. 
as function of temperature and of pressure - coincides 
with a structural transition. The electronic structure of 
Ca2Ru04 i.e. orbital occupation in its insulating as well 
as in its metallic phase, is still under debate&2ii2iiiii2ii£. 
In view of the crossover from antiferro- to ferromagnetism 
the pressure dependence of Ca2Ru04 is of particular in- 
terest, because it provides the possibility to study the 
interplay between the structure and magnetic degrees of 
freedom. It is possible that the understanding of the fer- 
romagnetic phase of Ca2Ru04 might also be helpful to 
explain the phenomena in Ca2_ x Sr x Ru04 , in which for 



0.2<x<0.5 metamagnetic behaviour and an almost fer- 
romagnetic state near x=0.5 is observed 1 ^. This article, 
describing the structure solution and direct observation 
of magnetic ordering by neutron and x-ray diffraction, 
addresses the current lack of information concerning the 
nature of the high pressure phase. 



II. EXPERIMENTAL. 

For the determination of the equation of state, pow- 
der samples of Ca2Ru04 were studied at the synchrotron 
beamline F3 at HASYLAB in Hamburg and at the 3T.1 
spectrometer at LLB, Saclay. At 3T.1 we used helium gas 
pressure cells and a constant wavelength A = 2. 38 A; the 
maximum pressure was 0.6 GPa. At F3 diamond anvil 
cells (Bridgman type, 0.6 mm diameter, pressure medium 
liquid nitrogen) were used and the lattice constants were 
calculated from the peak positions in the energy disper- 
sive powder diffraction spectra. The measurement covers 
the pressure region up to 15 GPa. 

For the detailed structural analysis, Rietveld refinable 
data were collected using the PEARL/HiPr time-of- flight 
diffractometer at ISIS on a powder sample up to a pres- 
sure of almost 10 GPa (Paris-Edinburgh-cell). As the 
pressure was not measured directly in this setup, the 
pressure was obtained by a fit of the lattice constants 
to the equation of state (Fig.QJ. All these measurements 
were done at room temperature. 

On two different single crystals, elastic neutron diffrac- 
tion was measured on the IN12 triple axis spectrometer 
at the ILL, Grenoble, with a clamp cell. These measure- 
ments were performed in (100)-(010) and in (100)-(001) 
geometry (scattering plane), respectively . They covered 
the temperature range between 1.5 K and room temper- 
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FIG. 1: Left: pressure dependence of the lattice constants of 
Ca2Ru04. Data were taken by neutron powder diffraction (up 
to 1 GPa only) and at HASYLAB, Hamburg (whole pressure 
range). The inset shows a and b near the phase transition 
from S-Pbca to L-Pbca. Upper right: evolution of the unit 
cell volume. Lower right: hysteresis of the S-Pbca volume 
fraction at the transition. The corresponding space groups 
are indicated, the phase transitions are marked by dashed 
lines. 

ature. Crystal sizes in this case were only a few mm 3 - 
note that up to now large Ca2Ru04 single crystals are 
generally not available because they usually do not with- 
stand the discontinuous structural transition at 357 K. 
By the use of a triple axis instrument the relatively high 
background caused by the pressure cell was significantly 
reduced. 



III. RESULTS AND DISCUSSION. 

A. Pressure dependence of the crystal structure at 
room temperature. 

As the first step of the structural analysis the pressure 
dependence of the lattice constants, i. e. the equation 
of state, was determined up to 15 GPa. The results are 
shown in Fig.^ In upstroke, one observes at 0.5 GPa the 
discontinuous transition from the S-Pbca into the L-Pbca 
phase. Our structural analysis (see below) shows that 
it is well justified to call these phases (named according 
to the short, respectively long lattice constant c) exactly 
like the phases which appear in the phase diagram of 
Ca 2 _ 2; Sr :I .Ru04 2 '*^, because this transition is very similar 
to the one which occurs in Ca2Ru04 upon heating above 
357K at ambient pressure. It is of strong first order char- 



FIG. 2: Top: Evolution of the Ru-O bond lengths. Lower 
panel: Rotation and tilt angles of the RuOe-octahedra. The 
tilt angle shown is the average of miiO(02) and 0(01). (Note 
that the pressure range is smaller than in Figure 0) 



acter and displays a hysteresis of ~0.1 GPa (transition 
around 0.4 GPa in downstroke). At this transition, the 
lattice volume decreases by about 0.85%, which is slightly 
more than at the temperature driven transition at am- 
bient pressure 2 . So this transition has to be regarded as 
just the same transition as the temperature-driven one 
which is susceptible to pressure because of its negative 
volume change. Above this first-order transition, the or- 
thorhombic splitting has opposite sign (a > 6), but the 
difference is very small and below the limit of detection 
in the synchrotron spectra; however the PEARL/HiPr 
neutron diffraction results (see table) yield a splitting 
^| around 10 -3 . Although it is obvious that pressure 
stabilizes the state with lower volume, the discontinuous 
increase of c and the positive §^ over a wide pressure 
range are remarkable. 

The results of the full structure refinement of the data 
collected at PEARL/HiPr are given in Table H| For the 
refinement, the programs GSASte and Fullpro£i& were 
used, and the results checked for consistency. During the 
refinement, special attention was paid to the determina- 
tion of the characteristic structural distortions, i. e. the 
rotation angle of the Ru06-octahedra around their ver- 
tical axis (|| c), <P, and the tilt angle around an axis 
in the basal plane (||b and parallel to two of the O-O- 
bonds; for further details see ref. 0). The results are 
summarized in Fig-El 

In the high pressure region, where the tilt distortion is 
only small, we described the spectra with different struc- 
tural models, in which a tilt of the octahedra, caused by a 
nonzero z-position of the 0(l)-atom (basal oxygen) and 
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nonzero x and y of 0(2) (apical oxygen), was allowed or 
forbidden, respectively. It turned out that above 7 GPa 
there was no significant difference in the R-values, which 
would justify the lower symmetry. It was also possible to 
fix the horizontal Ca-positions to zero without affecting 
the quality of the fit. In contrast, at pressures lower than 
5 GPa satisfactory descriptions can only be obtained in 
the usual Pbca symmetry. At 5 GPa the difference be- 
tween the two models is only small, but the calculated 
angles are still significantly above zero. 

With respect to Fig.^ one may argue that the lattice 
constants a, b and c and as well the cell volume dis- 
play an anomaly between 5 and 6 GPa: a maximum in 
c and a kink in a, 6 and V. Below, the compressibil- 
ity is -y^- = 9.0 • lO^GPa -1 , and above, it is only 

4.6 • 10 -3 GPa -1 . This behavior is qualitatively very sim- 
ilar to that observed upon heating at ambient pressure, 
see Fig.El where Ca 2 Ru04 undergoes a second transi- 
tion to a higher symmetric phase at 650 Ki£. This anal- 
ogy allows a relatively precise determination of the pres- 
sure at which the phase transition occurs from the data 
in Fig.n We therefore conclude that close to 5.5 GPa 
the tilt completely vanishes and Ca2Ru04 undergoes a 
continuous phase transition to a phase with space group 
Bbcm (standard setting Acam), which is characterized 
by a rotation of the RuOe-octahedra around the vertical 
axis only. This is the distortion pattern which is also 
found in Gd2Cu04— . Note that the space group of this 
phase has to be distinguished from the tetragonal space 
group I4i/acd, which is found 2 in Ca2- a; Sr ;r Ru04 and 
which is also characterized by the RuOg rotation around 
c, because the sense of the rotation with respect to second 
nearest neighbor planes is different. (This leads to a twice 
as long lattice constant c in the case of I4i/acd, c ~ 25A, 
compared to Bbcm and Pbca.) Another difference is that 
in the orthorhombic space group Bbcm a very small or- 
thorhombicity seems to remain. Due to the absence of the 
tilt, this reflects the deformation of the octahedron basal 
plane. The symmetry also allows for a splitting of the 
in-plane Ru-0 bond lengths. Whether this is the case, 
could not unambiguously be determined 24 . In contrast 
to the tilt, the rotational distortion is quite insensitive to 
pressure; it even increases slightly (Fig-EJ- 

The uncommon behaviour of the lattice constant c is 
reflected in the bond length between Ru and 0(2), which 
increases under pressure up to 5 GPa, while the Ru-O(l) 
bond length decreases continuously. This is obviously 
correlated to the observed pressure dependence of the 
resistivity p a b and p c (p c increasing, p a b decreasing)^ - 
the enhanced overlap of the in-plane orbitals corresponds 
to the usual effect of pressure and may explain the higher 
conductivity. 

It is tempting to interpret the pressure dependencies of 
and in view of theoretical calculations that have been 
carried out on the Ca2- x Sr x Ru04 phase diagram^. In 
their experiment, Nakamura et alX determined the evo- 
lution of the ferromagnetic ordering temperature (partly 
deduced from resistivity measurements) with pressure. It 



^5.42 

■< 

« 5.40 

SB 

| 5 ' 38 

§5.36 

a 

| 5.34 

S3 

5.32 
400 



" Ca,Ru0 4 


_ ambient pressure 










b 





7 

» L-Pb 



600 800 
T(K) 



12.45 
12.40 5j" 
12.35 g 
- 12.30 g 
12.25 'I 
12.20 



T(K) 



FIG. 3: Temperature dependence of the lattice constants of 
Ca2Ru04 at ambient pressure as measured by x-ray diffrac- 
tion. 



increases from 10 K just above the phase transition to its 
maximum of 25 K at a pressure ~5 GPa, i. e. the increase 
coincides with the reduction of the tilt angle, and the 
pressure where the tilt angle finally vanishes is near the 
maximum of Tq. Fang and TerakuraS. performed calcu- 
lations considering the influence of structural distortions 
on the magnetic properties. They find that the octahe- 
dron rotation favors a ferromagnetic ground state due 
to the smaller bandwidth of Ru d xy , whereas the tilting 
has the opposite effect. This fits well to the fact that 
the maximum ordering temperature is at the same pres- 
sure where we find the tilt disappearing (at 300K). On 
the other hand, our structural analysis shows that below 
5 GPa there are relatively large tilt angles which obvi- 
ously do not prevent (ferro-) magnetic order. Near Tq, 
i.e. at low temperature we even expect the tilt angle to 
be larger, although there is no structure determination at 
low temperature in this pressure region yet. The occur- 
rence of ferromagnetism in the tilt distorted structure is 
also remarkable in view of the fact that in the phase dia- 
gram of Ca2~a;Sr a ;Ru04 it is the octahedron's tilt setting 
in below a critical Sr-concentration x=0.5 which induces 
antifcrromagnetic correlations and drives the system very 
rapidly away from a ferromagnetic instability^. 



B. Temperature dependence of the crystal 
structure under pressure. 

The two phase region. The evolution of the lattice 
constants both of the metallic and of the insulating phase 
as function of temperature was measured on a single crys- 
tal at a constant pressure of approximately 1 GPa. At 
this pressure, there is a single metallic L-Pbca phase at 
room temperature, while at low temperatures the crys- 
tal partially transforms back into the insulating S-Pbca 
phase (see inset of Fig.0J, so there is a coexistence of both 
phases. As shown in Fig.^ at room temperature the hys- 
teresis as function of pressure is ~0.1 GPa, and a coexis- 
tence of both phases is found between 0.3 and 0.7 GPa. 
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At low temperatures this region is broader; in Raman 
studies by Snow et al*&, the two phase state could be 
observed up to ~ 1 GPa, and measurements of magne- 
tization and resistivity^ indicate that small amounts of 
the insulating phase persist even up to ~ 2 GPa. In this 
region of coexistence the lattice constants of both phases 
could be measured as function of temperature at about 
1 GPa (see Fig.©. 

The insulating phase. In comparison with the low 
temperature lattice constants of Ca2Ru04 at ambient 
pressure, a = 5.38 A, b = 5.63 A, the lattice is com- 
pressed only in ^-direction, resulting in a change of shape 
of the RuOe-octahedra; their basal planes are less elon- 
gated along b. As mentioned above, Sr-doping has qual- 
itatively the same effect. The origin of the maximum at 
150 K is not obvious. Near 150 K, however, is the Neel 
temperature of the pressurized antiferromagnetic insulat- 
ing phase (see below). 

The metallic phase. More interesting with respect to 
the discussion of (ferro-) magnetic order are the lattice 
constants of the metallic phase. We find an unexpected 
splitting at low temperature^. To determine which type 
of lattice distortion occurs here, one needs further struc- 
tural studies. 
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FIG. 4: Temperature dependence of the lattice constants and 
volume fractions (inset) of both phases at P—l GPa. All 
data were obtained on heating. In the mixed state, low tem- 
perature stabilizes the S-Pbca phase and the phase transition 
shifts to higher pressures: at 1 GPa and 1.5 K there is an equal 
mixture of both phases (inset). Therefore, at low temperature 
both phases (L- and S-Pbca) could be studied simultaneously 
and at the same pressure. 



C. Magnetism in the metallic (high pressure) 
phase. 

Remnant magnetizations in the metallic high pressure 
phase of Ca2Ru04 are of the order of 0.4 \lb per Ru 
(with M || a)i2S. We searched for scattering arising from 
magnetic ordering in the metallic phase. Bragg scatter- 
ing caused by ferromagnetic order is located right on the 
nuclear Bragg reflections; this fact excluded a quantita- 
tive determination of the ferromagnetic ordered moment. 
Nevertheless, the 004-reflection, which has a low nuclear 
structure factor and offers the best ratio of magnetic to 
nuclear intensity, displayed a change when heated across 
the magnetic ordering temperature: with the statistics 
achievable in our experiment, we obtained a decrease 
of 1.7 times the uncertainty a of the integrated inten- 
sity between 1.5 and 20 K (at a pressure of ~1.5 GPa). 
Within our experimental accuracy, this is consistent with 
the value of the remnant magnetization. 

We also searched for magnetic order at several other 
positions in reciprocal space. Among the related ruthen- 
ates like Ca2- a; Sr a ;Ru04 and Ti-doped Sr 2 RuC>4 very 
different magnetic instabilities are found. Ti-doped 
Si'2Ru04 has static incommensurate magnetic order— at 
a wave vector (0.7,0.3,0); paramagnetic Cai. 5 Sro.5RuC>4 
has a very high susceptibility and displays strongly en- 
hanced magnetic fluctuations^ at (0.22,0,0) as well as at 
the ferromagnetic zone center. 

In contrast to macroscopic measurement methods, the 
direct observation by neutron scattering can give the 
information whether there are other types of magnetic 
order than ferromagnetism which fully or partially de- 



termine the observed magnetic properties. However, al- 
though measured at several positions in reciprocal space, 
neither type of incommensurate or antiferromagnetic or- 
der could be detected. We estimate that long range order 
with an ordered moment greater than ~0.25 fiB would 
have been detectable. 

The exclusion of other scenarios that might appear 
likely is an additional support that Ca2Ru04 really ex- 
hibits ferromagnetic order. Other strong arguments^ 
in favor of itinerant ferromagnetism are the size of the 
macroscopic magnetic moment, which is inconsistent 
with a possible weak ferromagnetic component accompa- 
nying antiferro- or incommensurate magnetic order. The 
hysteresis is observed in all lattice directions, and the 
ordering temperatures are one order of magnitude lower 
than the Neel temperatures in Ca2Ru04. Finally, the 
temperature dependence of the resistivity indicates 2D 
itinerant ferromagnetismSLSi 

Our examination of magnetic order by elastic neutron 
scattering supports this scenario of itinerant ferromag- 
netism as the only one that can account for the magnetic 
properties of pressurized Ca2Ru04. 



D. Magnetism in the insulating (low pressure) 
phase. 

A further result concerns the S-Pbca phase and its an- 
tiferromagnetic order (T N =112 K at P=0 GPa). The 
ordered moment on the Ru sites points along the b- 
direction of the lattice^. Early studies by neutron pow- 
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der diffraction^ found a mixture of two different antiferro- 
magnetic phases. The alignment of the spin {M—l.i^B) 
is parallel to the 6-direction in both cases, but they differ 
in the stacking sequence of adjacent layers. This leads ei- 
ther to an A-centered or a B-centered magnetic unit cell. 
The A-centered type of magnetic order (Tn = 112K) was 
found to be the majority phase at ambient pressure, while 
the minority B-phase had the higher Tn: Tn = 150K. 
In some other samples, a similar phase mixture was ob- 
served, but in all single crystals of high quality only a 
single transition at 112 K could be detected^. The ap- 
pearance of the second phase is most likely caused by 
small variations in oxygen content - note that Ca2Ru04 
with excess oxygen was shown to have only the B- 
centered antiferromagnetic orders. Samples containing 
Sr (Ca2- a ;Sr 2 ;Ru04 with > 0.03) also have only the B- 
centered ordei" 2 ^ and Neel temperatures of ~150 K. 

At 1 GPa and 1.5 K we were not able to detect any 
magnetic scattering from the A-centered antiferromag- 
netic order in the S-Pbca phase on any of the corre- 
sponding Bragg-positions accessible in both crystal orien- 
tations. Instead, magnetic scattering was only detectable 
in the 012-reflection, which originates from magnetic or- 
der of the B-centered type. We conclude that there is 
a single magnetic phase of this type, in contrast to the 
behavior of the S-Pbca phase at ambient pressure. We 
did not determine the full temperature dependence of 
the magnetic scattering corresponding to the B-type an- 
tiferromagnetic order, but at T ~150 K these reflections 
had entirely disappeared. Susceptibility measurements 20 
show that T N is 145 K at P=0.8 GPa, i. e. nearly the 
value which is found in all samples with B-type order at 
ambient pressure. 

The reason for this alteration of the magnetic order 
from A- to B-type is not obvious, as the coupling between 
different layers is not yet well understood. However one 
may argue that this effect is the same as that seen in the 
Sr-doped samples: very small amounts of Sr - despite the 
bigger size of the Sr-ion - have a similar effect on the lat- 
tice constants and their temperature dependence as the 
application of pressure^, so the same subtle structural 
effect may be the reason for this. 



E. The phase diagram. 

In Fig. we show a schematic P-T phase diagram of 
Ca 2 Ru04 which summarizes the results on structure and 
magnetic order. At ambient pressure, Ca2Ru04 is an 
insulator with an A-centered antiferromagnetic unit cell 
below Tn=112 K. By applying moderate pressure, the 
magnetic order is changed to B-centered antiferromag- 
netism. This change occurs at some pressure between 
0.2 and 0.8 GPa, and in the case of B-type order the 
Neel temperature is higher (Tn>140 K). Upon increas- 
ing temperature or pressure, a hrst order structural phase 
transition takes place to the L-Pbca phase that is metallic 
and ferromagnetic at low temperature. This phase tran- 
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FIG. 5: Schematic structural and magnetic P-T phase dia- 
gram of Ca2Ru04 (phase boundaries and distances not true 
to scale). S-Pbca and L-Pbca denote the structure with tilt 
distortion (insulating and metallic respectively) as described 
in the text, and at the transition a broad region of phase co- 
existence is found. Fhe phase border to the non-tilted Bbcm 
structure is known at two points only. A-AFM and B-AFM 
denote antiferromagnetic order with A- and B-centered mag- 
netic unit cell, respectively. FM is the ferromagnetic metallic 
phase with maximum Tc around 25 K at 5 GPa. 



sition involves a relatively broad region of coexistence of 
both phases - at low temperature it extends from about 
0.5 to 2 GPa; this region is marked as "two-phase-state" . 
At even higher temperatures or pressures, the tilt of the 
octahedra is completely suppressed; the phase transition 
to the non-tilted structure with space group Bbcm takes 
place at 650 K at ambient pressure and at room temper- 
ature at 5.5 GPa. 

Comparison with the phase diagram of Cai- x Sr x RuOi±. 
The application of pressure bears analogy to the ef- 
fect of a substitution of Ca by Sr. For 0<x<0.2, the 
Sr-concentration x and the temperature control a first- 
order transition from an insulating S-Pbca phase, which 
is found at low x and low temperature, to a metallic L- 
Pbca phase and finally via a second-order phase transi- 
tion to B&c?7ji2*i£. Antiferromagnetism in the S-Pbca 
phase changes from A- to B-centered order upon Sr- 
doping. For 0<x<0.2, the x-T phase diagram is there- 
fore similar to the P-T phase diagram for pressures below 
~2 GPa, and the crystal structures are basically identi- 
cal. However, although higher Sr-conccntrations finally 
suppress the tilt down to lowest temperatures, the fur- 
ther evolution is different, because in the Ca2- a; Sr a ;Ru04 
phase diagram the regions x<0.2 and x>0.2 are separated 
by a first-order phase boundary (due to different rotation 
schemes, as discussed above in section HlIAJ| . 



IV. CONCLUSION. 

We have determined the structural properties of 
Ca2Ru04 up to a pressure of 10 GPa at room temper- 
ature and the lattice constants up to 15 GPa. The P-T 



6 



phase diagram in Fig.[3] summarizes the results. A first 
order structural transition leads from the insulating S- 
Pbca to the metallic L-Pbca phase and involves a region in 
which both phases coexist. In the metallic phase, the tilt 
angle is strongly reduced, but still significantly different 
from zero. Only at much higher pressure (above 5.5 GPa 
at room temperature) the transition into the higher sym- 
metry B&cm-structure without tilt was observed. In con- 
trast, the rotational distortion is only weakly pressure 
dependent. In the insulating phase two different types of 
antifcrromagnetic order exist, and pressure seems to con- 
trol the crossover from A-centered at ambient pressure to 
B-centered order (with higher Neel temperatures). In the 



metallic phase, we observed weak Bragg scattering due 
to ferromagnetism. The unexpectedly large orthorhom- 
bic splitting towards low temperature in this phase in- 
dicates further structural effects that have not yet been 
characterized in detail. 
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P (GPa) OA 03 1 3 5 7^5 9.7 

Space group S-Pbca S-Pbca L-Pbca L-Pbca L-Pbca Bbcm Bbcm 

a (A) 5.4044(6) 5.4006(5) 5.3312(6) 5.2817(6) 5.2266(9) 5.2020(6) 5.1859(6) 

b (A) 5.4904(6) 5.4760(5) 5.3160(6) 5.2689(5) 5.2187(9) 5.1865(6) 5.1673(6) 

e (A) 11.9507(10) 11.9664(9) 12.2923(8) 12.3354(5) 12.3541(6) 12.3301(6) 12.3078(6) 

R wp (%) 3 1 33 3X)7 2/70 2^25 2/72 2.40 2.39 

Cai 0.0108(13) 0.0092(13) 0.0116(13) 0.0109(14) -0.001(2) 

y 0.0456(12) 0.0463(12) 0.0289(15) 0.0155(19) 0.016(2) 

z 0.3492(5) 0.3484(5) 0.3473(4) 0.3461(3) 0.3463(3) 0.3457(3) 0.3451(3) 

U iso (A 2 ) 0.0102(15) 0.0145(17) 0.0107(11) 0.0118(10) 0.0065(11) 0.0083(8) 0.0093(8) 

Ru Uiso (A 2 ) 0.0024(10) 0.0013(8) 0.0011(7) 0.0020(6) 0.0018(8) 0.0032(7) 0.0040(8) 

O(l) x 0.1953(6) 0.1966(6) 0.1909(4) 0.1894(3) 0.1847(4) 0.1851(4) 0.1832(4) 

y (=0.5-a;) 0.3030(6) 0.3019(6) 0.3094(4) 0.3110(3) 0.3155(4) 0.3153(4) 0.3173(4) 

z 0.0244(4) 0.0238(4) 0.0134(4) 0.0101(4) 0.0039(10) 

Uiso (A 2 ) 0.0082(10) 0.0080(9) 0.0077(8) 0.0070(7) 0.0058(7) 0.0071(6) 0.0070(6) 

0(2) x -0.0602(7) -0.0589(7) -0.0385(8) -0.0283(9) -0.0163(17) 

y -0.0201(10) -0.0186(10) -0.0116(12) -0.0103(13) -0.004(2) 

z 0.1657(4) 0.1660(4) 0.1662(3) 0.1666(2) 0.1667(3) 0.1661(2) 0.1667(2) 

Uiso (A 2 ) 0.0081(11) 0.0098(11) 0.0092(10) 0.0091(8) 0.0084(8) 0.0095(6) 0.0095(6) 

Ru-O(l) (A) 1.991(3) 1.985(3) 1.941(2) 1.924(2) 1.909(2) 1.898(2) 1.895(2) 

Ru-0(2) (A) 2.010(5) 2.015(5) 2.054(4) 2.062(3) 2.062(3) 2.048(3) 2.052(3) 

0(1)-0(1) || a (A) 2.825(5) 2.818(4) 2.759(3) 2.729(3) 2.703(3) 2.688(3) 2.685(3) 

Q(l)-Q(l) || b (A) 2.808(5) 2.798(4) 2.732(3) 2.711(3) 2.697(3) 2.680(3) 2.675(3) 

0(01) 12.0(2) 11.7(2) 7.0(2) 5.3(2) 2.0(5) 

0(02) 9.83(12) 9.55(11) 5.99(12) 4.4(2) 2.4(3) 

$ 12.15(9) 11.89(9) 13.33(7) 13.67(5) 14.67(6) 14.59(5) 15.02(5) 



TABLE I: Results of the room temperature structure refinements of Ca2Ru04 under pressure at the PEARL/HiPr beamline 
(ISIS). Errors of the last digit are given in parentheses and represent only statistical errors, not systematic errors which may 
for instance arise from correlations between parameters. The position of the Ru-atom is always (0, 0, 0) . Anisotropic thermal 
parameters could not be refined, therefore only the Uiso are given. 



